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PROCLESS FOR FABRICATING A
SEMICONDUCTOR DEVICE WITH A
PATTERNED METAL LAYER

FIELD OF INVENTION

This mvention relates to a process for fabricating a
semiconductor device with a patterned metal layer.

BACKGROUND OF INVENTION

In semiconductor technology there are various applica-
fions 1 which 1t 1s necessary to deposit patterned metal
layers. Metal layers may be required, for example, 1 pre-
determined areas on the surface of the semiconductor struc-
ture. One example 1n which a patterned metal layer 1is
deposited 1s the formation of a metal electrode for a sensor.
Such a sensor 1s known from I. Lundstrom, S. Shivaraman,
C. Svensson, and L. Lundkvist, “Hydrogen sensitive MOS
field-effect transistor”, Appl. Phys. Lett. 26, 55-57. The
metal electrodes are commonly formed from noble metals,
such as palladium, gold, or platinum.

In practice, the formation of such a patterned metal layer
presents particular problems if 1t 1s to be deposited on an
MOS structure, since the formation of such a layer cannot be
combined with the conventional MOS process. After the
MOS process, additional process steps would be necessary
to deposit the patterned metal layer, particularly photolitho-
graphic steps, etching steps, and resist-stripping steps.

If such a metal electrode 1s deposited on an MOS
structure, the process steps required will result 1n the struc-
ture being contaminated by the metal. This will impair the
properties of silicon oxide and, in the case of MOS
transistors, particularly the properties of the gate oxide, and
of the underlying channel. Furthermore, the apparatus used
to carry out the process steps 1n the semiconductor plant will
be contaminated, which 1s not permissible in MOS {fabrica-
tion. If a metal electrode of a base metal, such as aluminum
or titanium, 1s deposited, these metals will change their
properties during fabrication and on contact with other
materials. As a result, the characteristics of the sensor will
change as well. If platinum 1s used for the metal electrode,
a bonding agent 1s required, for which titanium 1s used. In
that case, the unfavorable properties described above will
occur. Furthermore, the additional steps involved 1n depos-
iting the metal electrode will make the process complex and
costly.

Therefore, 1t 1s an object of the 1nvention 1s to provide an
economical process for the fabrication of a semiconductor
device with a patterned metal layer.

SUMMARY OF INVENTION

A process for fabricating a semiconductor device with a
patterned metal layer (9), said process including the steps of
applying to an arca of the surface of a semiconductor
substrate a layer (7) of a material with poor adhesion
capability to the metal, forming on the layer (7) pattern lines
(8) of a material with good adhesion capability to the metal
which are separated by a distance a, and depositing the metal
layer (9) in such a way that by suitable choice of the ratio of
the distance a to its thickness d and of 1ts material properties,
the metal layer (9) is caused to adhere only to the pattern

lines (8) and to the area of the layer (7) between the pattern
lines (8).

BRIEF DESCRIPTION OF FIGURES

The sole FIGURE 1illustrates an embodiment of a device
fabricated by the process according to the mvention.
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2
DETAILED DESCRIPTION OF INVENTION

This object 1s attained by a process comprising the steps
of: applying to an area of the surface of a semiconductor
substrate a layer of a material with poor adhesion capability
to the metal, forming pattern lines on the layer which are
made of a material with good adhesion capability to the
metal and are separated by a distance a, and depositing the
metal layer 1n such a way that by suitable choice of the ratio
of the distance a to its thickness d and of 1ts material
properties, it 1s caused to adhere only to the pattern lines and
to the area of the layer between the pattern lines.

With the process according to the invention, the metal
layer 1s deposited by suitable choice of its material
properties, of the material properties of the pattern lines, and
of the geometry, namely the distance between the pattern
lines and the thickness of the metal layer. If the metal layer
1s deposited on an MOS structure, the MOS structure can be
produced with the insulating layer and the pattern lines by
process steps familiar to those skilled 1n the art. Only when

the MOS process 1s complete will the semiconductor struc-
ture be metallized. No additional mask 1s necessary, since 1n
the metallizing process, the entire surface of the semicon-
ductor structure 1s treated, while the metal adheres only to
the pattern lines and to the area of the layer between the
pattern lines. Outside the pattern lines, the metal layer does
not adhere. This 1s achieved by choosing a suitable value for
the distance to a further pattern line or to a feature having a
function corresponding thereto.

Since no additional process steps are required for forming,
the patterned metal layer, the process according to the
invention 1s very simple. In particular, however, 1t permits
the formation of a metal electrode 1n combination with an
MOS process. Since the formation of the patterned metal
layer does not require any photolithographic, etching, or
resist-stripping steps, the patterned metal layer can be
formed from noble metals without the MOS device or the
apparatus for carrying out the MOS process being contami-
nated.

Advantageously, the ratio of the distance a between the
pattern lines to the thickness d of the metal layer 1s greater
than 5. At this ratio, the metal layer reliably adheres to the
pattern lines and to the area of the insulating layer between
the pattern lines, whereas 1t does not adhere outside the
pattern lines. If a slightly greater distance a between the
pattern lines 1s chosen, reliable adhesion of the metal layer
to and between the pattern lines can be ensured by increasing
the thickness d of the metal layer. The distance a 1s prefer-
ably less than 10 um.

In a preferred embodiment of the invention, the metal
layer 1s formed by vapor deposition of a metal and subse-
quent selective, material-dependent removal of the metal
layer by means of ultrasound. If the thickness d, the distance
a, the material of the pattern lines, and the metal are chosen
appropriately, the vapor-deposited metal outside the pattern
lines with the predetermined separation a will be reliably
removed by the ultrasonic treatment and will reliably adhere
to the pattern lines and between the pattern lines. Adhesion
of the metal layer between the pattern lines is ensured,
despite the poor adhesion capability of the insulating layer
to the metal, by the geometry of the pattern lines with good
adhesion capability to the metal.

The deposition of the patterned metal layer requires no
process steps that could adversely affect the semiconductor
structure, particularly if the latter includes MOS devices.
Expensive masking steps are not necessary, either.

Advantageously, a noble metal, particularly palladium, 1s
used for the metal layer. Selective adhesion of the palladium
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to the pattern lines and to the layer between the pattern lines
1s very reliable. Prior to 1its selective removal, the metal layer
1s advantageously treated with a hydrogen-containing gas.
Then the selective removal of the metal layer will be more
reliable and faster.

In another embodiment of the mmvention, the metal layer
1s deposited by plating, particularly by electroless plating.
The material of the pattern lines and the metal must then be
chosen appropriately. Between the pattern lines, the metal
adheres because of the geometry chosen. If electroless
plating 1s used, the metal to be deposited must be more noble
than the material of the pattern lines.

In a preferred embodiment of the invention, an MOS
transistor 1s formed on the semiconductor substrate, and the
layer 1s applied as the gate insulating layer of the MOS
transistor, on which a polysilicon layer 1s formed 1n such a
way as to form gate electrodes corresponding to the pattern
lines and separated by the distance a. In this embodiment,
the MOS transistor can be used as a sensor. In that case, the
cgate 1nsulating layer may be made of silicon oxide, the
pattern lines of polysilicon, and the patterned metal layer,
which serves as the gate, of palladium.

The mnvention will now be explained 1n more detail with
reference to the accompanying drawing.

The single figure of the drawing shows an embodiment of
a device fabricated by the process according to the mven-
tion. The semiconductor device shown represents a sensor in
MOS technology. A semiconductor substrate 1 1s covered by
a field oxade layer 2. In an opening 3 of field oxide layer 2,
an MOS ftransistor 4 acting as a sensor was formed. MOS
transistor 4 comprises a drain region 5, a source region 6,
and a gate region. The latter comprises a layer 7, which 1s an
insulating layer. Deposited on layer 7 are pattern lines 8,
which form gate electrodes of the transistor and are sepa-
rated by a distance a. Pattern lines 8 and the area of layer 7
between pattern lines 8 are covered by a metal layer 9 of
thickness d. The material of layer 7 has poor adhesion
capability to the metal of metal layer 9, and the material of
pattern lines 8 has good adhesion capability to the metal of
metal layer 9. In a preferred embodiment, layer 7 may be
made of silicon oxide, pattern lines 8 of polysilicon, and
metal layer 9 of palladium, for example. To make contact to
dramn region 5 and source region 6, contact lines 10 were
deposited.

The ratio of the distance a between pattern lines 8 to the
thickness d of metal layer 9 1s preferably greater than 5, and
the distance a between pattern lines 8 1s less than 10 um. The
bond between metal layer 9 and pattern lines 8 1s secured by
suitable choice of material properties, and the adhesion of
metal layer 9 to the area of layer 7 between pattern lines 8
1s achieved by suitable choice of the geometry and by means
of the bond between layer 7 and pattern lines 8. The
adhesion to layer 7 1s thus achieved without the need for a
material with good adhesion capability to the metal.

In the following, the process according to the invention
will be described with the aid of the sole figure. Using,
process steps familiar to those skilled in the art, the field
oxide layer 2 with the opening 3 and the MOS transistor 4
in the opening 3 are formed on the semiconductor substrate
1. The fabrication, including the formation of layer 7, takes
place 1n a conventional manner. The pattern lines 8 are also
formed with process steps commonly employed in MOS
technology.

Then, 1n a first embodiment of the invention, the metal for
metal layer 9 1s deposited over the entire surface of the
semiconductor structure by evaporation. The metal layer
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thus formed must be selectively removed. This 1s done by
subjecting the semiconductor structure to an ultrasonic treat-
ment which removes the metal layer from the surface of the
semiconductor structure outside the pattern lines 8. Prior to
the ultrasonic treatment, the semiconductor structure may be
treated with a hydrogen-containing gas. For the metal layer,
palladium may be used. Since palladium absorbs hydrogen,
this treatment results 1n easier detachment of the metal layer
from the surface of the semiconductor structure outside the
pattern lines 8. The adhesion capabilities of the polysilicon
of pattern lines 8 and the palladium are such that the
palladium layer will adhere to the silicon even during the
ultrasonic treatment. Because of the selected ratio of the
distance a between pattern lines 8 to the thickness d of metal
layer 9, the metal layer also continues to adhere to layer 7
in the area between the pattern lines. Because of the geom-
etry chosen, this adhesion will persist even 1t layer 7 1s made
of a material with poor adhesion capability to the metal of
metal layer 9. In particular, palladium will confinue to
adhere to an 1nsulating layer, which may be made of silicon
oxide for example.

In a second embodiment of the process according to the
invention, metal layer 9 1s deposited by plating, particularly
by electroless plating, 1n such a way as to adhere only to
pattern lines 8 and to the area of layer 7 between pattern lines
8. In this embodiment, too, adhesion to pattern lines 8 1is
secured by appropriate selection of the materials of pattern
lines 8 and metal layer 9, and adhesion to the area of layer
7 between pattern line 8 1s achieved by suitable choice of the
geometry. In this embodiment it 1s essential that the metal to
be deposited be a more noble metal than the material of
pattern lines 8.

Although the mvention has been described 1n preferred
and alternative forms with a certain degree of particularity,
it 1s understood that the present disclosure of the preferred
and alternative forms has been made only by way of
example, and that numerous changes 1n the details of con-
struction and combination and arrangement of parts may be
made without departing from the spirit and scope of the
invention as hereinafter claimed. It 1s intended that the
patent shall cover by suitable expression in the appended

claims, whatever features of patentable novelty exist in the
invention disclosed.

What 1s claimed 1s:

1. A process for fabricating a semiconductor device with
a patterned metal layer, said process comprising the steps of:

applying a layer (7) of material to an area of the surface
of a semiconductor substrate;

forming pattern lines (8) of material on the layer (7), the
pattern lines (8) separated by a distance a, wherein the
distance a <10 um;

forming a noble metal layer (9) to a thickness d on the
semiconductor substrate, wherein a/d>5, the layer (7)
of matertal having substantially no propensity for
adhering to the noble metal layer (9), the pattern lines
(8) having a substantial propensity for adhering to the
noble metal layer (9); and

selectively removing the noble metal layer (9) outside the
pattern lines (8) using ultrasound

wherein the ratio of the distance a between the pattern
lines (8) to the thickness d of the noble metal layer (9),
and the propensity of the pattern lines (8) for adhering
to the noble metal layer (9), causes the noble metal
layer (9) to adhere only to the pattern lines (8) and to
the area of the layer (7) between the pattern lines (8).
2. The process of claim 1, wherein palladium 1s used for
the noble metal layer (9).
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3. The process of claim 1, wherein the noble metal layer
(9) is deposited by electroless plating.

4. The process of claim 1, wherein the noble metal layer
(9) is formed by vapor deposition of a noble metal.

5. The process of claim 4, wherein prior to the selective
removal, the metal layer (9) is treated with a hydrogen-
containing gas.

6. The process of claim 1, wherein an MOS ftransistor 1s
formed on the semiconductor substrate, and that the layer (7)
1s applied as the gate-insulating layer of said MOS transistor,
on which a polysilicon layer 1s formed 1n such a way as to
form gate electrodes corresponding to the pattern lines (8)
and separated by the distance a.

7. A method for fabricating a semiconductor device, said
method comprising the steps of:

providing a semiconductor substrate having a transistor
formed therein;

forming a layer (7) of material on an area of the surface
of the semiconductor substrate, the layer (7) having an
opening above the transistor;

forming pattern lines (8) of material on the layer (7), the

pattern lines (8) separated by a distance a, wherein the
distance a <10 um;

depositing a layer (9) of a noble metal to a thickness d on
the semiconductor substrate, wherein a/d>5, the layer
(7) having substantially no propensity for adhering to
the noble metal layer (9), the pattern lines (8) having a

substantial propensity for adhering to the noble metal
layer (9); and
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ultrasonically patterning the noble metal layer (9);

wherein the ratio of the distance a between the pattern

lines (8) to the thickness d of the noble metal layer (9),

and the propensity of the pattern lines (8) for adhering
to the noble metal layer (9), causes the noble metal
layer (9) to adhere only to the pattern lines (8) and to
the area of the layer (7) between the pattern lines (8).

8. The method of claim 7, wherein before said step of
ultrasonically patterning further comprising the step of treat-
ing said semiconductor structure to facilitate said patterning
of said metal layer.

9. The method of claim 8, wherein said treating comprises
utilizing a hydrogen-containing gas.

10. The method of claim 8, wherein said noble metal 1s
palladium.

11. The method of claim 7, wherein said transistor com-
Prises:

a drain region;
a source region; and

a gate region formed by said layer (7) of material and said
pattern lines (8).
12. The method of claim 11, wherein said pattern lines
comprise polysilicon.
13. The method of claim 12, wherein said layer (7) of
material comprises silicon dioxide.
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